In South American fur seals (Arctocephalus australis) breeding in dense colonies at Punta San Juan, Peru, mothers are regularly separated from pups when they forage at sea throughout lactation and as a result of disturbances among females during on-beach nursing periods. Unattended pups risk injury or death from aggressive females and predatory sea lions, so the ability of mothers and pups to recognize and reunite is an essential component of breeding success. I investigated the relative importance of vocal, visual, olfactory, and spatial cues in the reunion process and examined how these behaviors are related to search context and success. Behavior of 10 tagged mother-pup pairs was recorded during 118 searches, 67% of which resulted in reunion. Mothers and pups appeared to recognize one another by vocal signatures over distance, and mothers used naso-nasal investigation before accepting or rejecting pups. Mothers supplemented their calling behavior with a variety of low-cost strategies such as frequenting a consistent ''home spot'' (76%), moving about the colony (49%), and investigating approaching pups (42%), but the best predictor of search success was pup response: after pups called and moved toward mothers, pairs were reunited 95% of the time regardless of mothers' behavior. Pups responded infrequently (18%) to the wrong female, suggesting that pups' acceptance criteria are conservative when risk of injury from unrelated females is high.
In most mammals, mothers provide exclusive care to their offspring, so selection should favor traits that minimize misdirection of maternal effort toward unrelated young. For species that breed in colonies, and in which mothers are regularly separated from their offspring, mothers and young must be able to discriminate one another from conspecific seals and reunite efficiently to ensure correct placement of maternal effort and to reduce the amount of time when infants are unattended (Holmes 1990; Trillmich 1981) .
In fur seals and sea lions (Pinnipedia: Otar-* Correspondent: alanaphillips@yahoo.com iidae), lactation can last up to 12 months (or much longer when food available to females is limited), which represents a major component of maternal effort (Bonner 1984; Trillmich 1990) . Pups are born in dense breeding colonies, and after a perinatal attendance period of about a week, mothers leave their pups to forage offshore for several days at a time, returning to the colony for periods of 1-3 days. Upon arrival from sea, mothers must locate their pups among hundreds or thousands of other seals before nursing can ensue. Thus, mutual mother-offspring recognition is a critical element of breeding success in the group (Trillmich 1990) .
Previous studies have shown that mothers and pups are able to recognize one another by their individualistic vocalizations (Charrier et al. 2001 (Charrier et al. , 2002b Insley 1992 Insley , 2000 Insley et al., in press; Phillips and Stirling 2000; Roux and Jouventin 1987) , and olfactory cues appear to be used as a final check by mothers before accepting or rejecting pups. The process of reunion between mothers and pups has been described anecdotally for several species (Bartholomew 1959; Marlow 1975; Peterson and Bartholomew 1967; Schusterman et al. 1992; Stirling 1971; Trillmich 1981) . However, few studies have attempted to quantify reunion behavior, and little attention has been paid to nonvocal components of reunion (Dobson and Jouventin 2003; Gisiner and Schusterman 1991; Insley 2001) . Detailed baseline descriptions and quantification of such behavior are important for comparative studies and adaptive inference (Miller 1991; Insley 2001; Insley et al., in press ).
The population of South American fur seals that breed at Punta San Juan, Peru, is subjected to several factors that complicate the ability of mothers to reunite and remain in contact with their pups. As with other otariids that inhabit low latitudes, high midday temperatures cause mothers and pups to make daily thermoregulatory movements between tidepools near the water's edge and drier slopes of the beach, where they return in the evening (Gentry 1973) . The passage of mothers and pups through the colony results in frequent disturbances because females threaten each other when they approach too closely and territorial males investigate moving females for sexual receptivity (Gentry 1973) . In addition, South American fur seals are subjected to high breeding densities, elevated levels of maternal aggression, and frequent incursions into the colony by South American sea lions (Otaria byronia), which often abduct or kill fur seal pups (Harcourt 1991a (Harcourt , 1992 Majluf 1992) . As a result, fur seal mothers and pups are frequently separated within the colony, exposing pups to the risk of injury or death from unrelated females. Thus, there are benefits, both in energetics and in survival of offspring, to mothers that are able to quickly locate, reunite with, and remain in contact with their pups after shortterm separations during onshore periods of attendance, as well as after long-term absences while mothers forage at sea (Trillmich 1990) .
South American fur seal mothers and pups can recognize each other by vocal cues Stirling 2000, 2001) . The goals of this article are to document reunion behavior in the species, including the use of vocal, visual, olfactory, and spatial cues by both mothers and pups; to examine how searching behavior is related to pup age and search context, including both long-term (from sea) and short-term (on-beach) separation events; and to investigate the factors that contribute most to successful reunions.
MATERIALS AND METHODS
Study site.-Before the devastating El Niño Southern Oscillation event in 1997-1998, Punta San Juan, Peru (15Њ22ЈS, 75Њ12ЈW), was an important breeding site for South American fur seals in Peru (Majluf 1987; Trillmich and Majluf 1981) . Punta San Juan is a 54-ha peninsula with numerous beaches on its north and south coasts. During this study (breeding seasons of November-December 1994 and October-December 1995), up to 3,000 fur seals were present at Punta San Juan, including 2,000 in the main colony. This study was conducted at North Beach #4 (N4), a mostly sandy beach sheltered at the southwest end by an arched headland that curves around sharply to the north, forming a 15-mhigh cliff. At the peak of pupping activity, a colony of 150-200 adult fur seals occupied a small region of boulders and tidepools in this sheltered region (Fig. 1) . Males maintained territories in the boulder or tidepool area, where females competed for access to shade and water during the day. At night, mothers and pups moved up the beach and spread out over the pebbled slope leading up to the cliff. The colony was an ideal site for a study of reunion behavior for several reasons: background noise levels were low, a close vantage point enabled detailed observa-FIG. 1.-Location of home spots (ϫ ͦ ) used by 29 tagged mother South American fur seals at North Beach #4, Punta San Juan, Peru, in 1995. Home spots were determined by mapping female locations during thrice-daily censuses from an observation point on the cliff overlooking the colony. (These locations represent only 29 of up to 200 adult females at the peak of the breeding season; other females' home spots are distributed throughout the colony.) tions of pup behavior, and the presence of limited access points to the colony from the ocean allowed for accurate detection of females returning from sea.
Forty mother-pup pairs were captured and tagged (Majluf and Goebel 1992) . Mothers with young (Ͻ1 week of age) pups were approached stealthily, and a noose on the end of a long bamboo pole was slipped over the head and one foreflipper of the pup and twisted. The pup was then pulled away from its mother, inciting her to follow it up the beach. The mother was captured using a hoop net with a 1.5-m handle and a 1.5-m-deep net mounted on a 1.2-m-diameter hoop. The net was thrown over the female, and the end was twisted and secured to prevent the animal from backing out. The mother was then restrained on a wooden board, whereas the pup was released from the noose and restrained manually near the mother (Majluf and Goebel 1992) . Mothers and pups were tagged with Allflex medium tags marked with 3-or 4-digit codes (Allflex USA, Inc., Ft. Worth Airport, Dallas, Texas). The seals were further marked by trimming a mark into the guard-hair layer of the pelt and bleaching the underfur with Clairol Born Blonde hair dye (Clairol Inc., Stanford, Connecticut). After tagging, mothers were reunited with their pups and released at the capture location.
To monitor attendance patterns and movement of tagged females, tags were read 3 times daily, using 8 ϫ 35 or 10 ϫ 40 binoculars or a 15-to 60-power zoom telescope, from a cliff-top blind downwind of the colony. Pups' dates of birth, when not known, were estimated as 8 days before the mother's date of copulation or 9 days before the mother first left the colony to forage at sea (Majluf 1987) .
Behavioral observations.-Qualitative behavioral observations (404 hours) of mothers and pups were made during both field seasons. Mother-initiated searching and reunion behavior was documented using focal-animal sampling (130 hours) on 23 tagged mother-pup pairs from 26 November to 11 December 1995. Priority was given to searches initiated by mothers returning from sea because these were infrequent. When no searches from sea occurred, I recorded the behavior of mothers searching for pups after on-beach separations of at least 3 female body lengths (approximately 6 m; mothers apparently could not locate their pups over greater distances). Pup-initiated searches were not recorded for 2 reasons: pups vocalized so frequently that it was not usually possible to detect when a pup had begun calling, and pups that searched while their mothers were at sea had no chance of reuniting with them.
I defined the beginning of a search as when a female called several times in succession while visually scanning the colony with the neck outstretched. A search was considered to be successful (reunion achieved) when the mother and pup remained together (within half the female body length) after naso-nasal contact. If reunion was not achieved and the mother made no further calls for a period of 10 min, the search was considered to have failed. In that case, I defined the end of the search as when the last call was emitted. Although both adult and pup South American fur seals produce a variety of vocalizations (Phillips and Stirling 2001) , this study considered only the individualistic pup attraction calls that were made by mothers to pups and female attraction calls made by pups (Phillips and Stirling 2000) .
For each search, I recorded the following characteristics (Gisiner and Schusterman 1991) : number of calls made by mother; duration (min) from mother's 1st call to either reunion or the last call before she stopped searching; whether mother visited ''home spot'' (see below) while searching; whether mother moved about colony while searching; whether mother made naso-nasal contact with nonfilial pup(s) while searching; number of nonfilial pups sniffed; whether focal pup responded vocally to its mother; whether focal pup moved toward mother; whether nonfilial pup(s) responded by calling, orienting, or moving toward the searching female; and whether reunion was successfully achieved. I also categorized the search context based on the mother's behavior before searching as follows: from sea-mother arrived from offshore; awokemother awoke from sleeping on the beach; exited pool-mother moved out of tidepool; entered pool-mother moved into tidepool; other-mother had been awake and moving on or sitting upright on beach.
I defined a ''home spot'' as the location (with diameter of 1-2 female body lengths) within the colony that a female frequented and in which nursing occurred most often. P. Majluf et al. (pers. comm.) used 95% home-range polygons to confirm that female South American fur seals prefer distinct locations on Beach S3 at Punta San Juan. In this study, home spots were determined both by ad libitum observations and by mapping locations of females during daily censuses ( Fig. 1) . Home spots ranged from distinct topological features such as boulders and rocky ledges to particular regions of the sandy beach (Majluf 1987) .
Statistical analyses.-In total, 171 searches by 23 mothers were documented. Sample sizes ranged from 2 to 15 searches per mother, and statistical analysis was restricted to 10 mothers for which at least 8 searches had been recorded (effective total number of searches ϭ 118, including 101 searches resulting from on-beach separation and 17 by mothers returning from sea).
I also examined the various behaviors in combination. The 3 behaviors exhibited by mothers (visited home spot, moved while calling, and sniffed approaching pups) were grouped into the categoric variable strategy in 8 possible states: mother performed all 3 behaviors, 2 of the behaviors, 1 of the behaviors, or none. Similarly, the categorical variable pup response was used to define pup behavior in 4 combinations: pup called while remaining stationary, pup moved but did not call, pup vocalized and approached mother, or pup remained silent and stationary in response to mother's search.
The data included unequal numbers of observations from several individuals, so I conducted a preliminary analysis to explore interdependence of samples. Likelihood-ratio tests showed that both strategy and pup response were independent of mothers' identity (G 2 ϭ 70.73, d.f. ϭ 63, P ϭ 0.53 and G 2 ϭ 41.04, d.f. ϭ 27, P ϭ 0.06, respectively). Animals expressed no idiosyncratic behavior, so I considered samples to be independent and pooled them for analysis (Machlis et al. 1985) .
I used likelihood-ratio tests to explore interrelationships among strategy, pup response, and pup age and linear regression to test independence between pup age and search duration. The effect of search context was explored using likelihood-ratio tests for categorical variables and 1-way Kruskal-Wallis tests for continuous variables (search duration, number of calls made by mother, call rate of mother). Results are given as mean Ϯ SE.
Finally, to characterize factors contributing to success of a search, I used stepwise logistic regression based on the likelihood-ratio statistic (␣ ϭ 0.05 to enter and 0.1 to remove), using success as the dependent variable. To simplify this analysis, I first created a new variable, sea, pooling the categories within the variable search context into 2 broad categories, from sea and onbeach, reflecting searching behavior after longand short-term separation events, respectively (''initial'' and ''subsequent'' searches-Insley 2001). Search duration was not included in the analysis because it was used to define search success and was therefore not independent.
RESULTS
Overview of the reunion process.-Mothers returning from sea frequently used 2 points of access: a gentle slope near the arched headland and a tidepool area near the center of the colony (Fig. 1) . Regardless of the context of the search, mothers began searching by emitting loud pup attraction calls, using a stereotyped posture with the anterior part of the body raised high on the foreflippers and with neck and head outstretched (Phillips and Stirling 2001) . Typically, only 1 pup responded to a calling female by orienting or moving toward her and emitting female attraction calls, although nonfilial pups also responded to searching females in 17 of 94 searches (18%) in which this behavior was recorded.
Mothers appeared to distinguish their pups by olfactory cues because naso-nasal contact always occurred before apparent acceptance of the pup. Females also approached and sniffed nonfilial pups in 49 of 117 searches (42%; mean number of nonfilial pups approached ϭ 2.0; median ϭ 1; range, 1-10). All nonfilial pups were rejected with threat vocalizations such as growls and puffs (Phillips and Stirling 2001) , and many were bitten, tossed, or otherwise attacked by searching females. Pups that were not rejected became increasingly excited, called more loudly and frequently, and usually shook their heads from side to side and pushed their heads into the mother's neck, head, or flank. Nursing followed 57% of reunions; the pair sat together without nursing after 32% of reunions.
Overall, searches were successful about 67% of the time (76 of 114 searches). When reunion did not occur, mothers typically slept (58%), groomed (19%), or entered a tidepool (17%); such mothers subsequently initiated new searches. All pups and mothers were reunited during the course of this study.
Behavioral characteristics of searches.-In 76% of searches, mothers visited the home spot; in 49%, they moved around the colony; and in 42%, they sniffed nonfilial pups. In 8% of searches, mothers exhibited none of these behaviors but simply called from a single location. Pups responded in almost 80% of searches by calling (73%) or moving toward their mothers (68%). Overall, there was no significant relationship between mother's strategy and pup response (G 2 ϭ 22.36, d.f. ϭ 21, P ϭ 0.52) because pups typically responded actively to a search with both movement and calling, whereas female behavior was variable.
Most searches were Ͻ10 min in duration (X ϭ 8.5 Ϯ 0.8 min; median ϭ 5.4; range, 0.2-33.7 min). Mothers produced 3-176 calls per search (X ϭ 25.5 Ϯ 2.5 calls, median ϭ 18), at rates ranging from 0.4 to 20.0 calls/min (X ϭ 4.5 Ϯ 0.3).
Effect of context on search characteristics.-About half the searches (46%) were initiated by females that emerged from tidepools, and 21% were initiated when females awoke and the pup was no longer nearby (Table 1) . In most searches, mothers visited the home spot regardless of context. In contrast, moving and sniffing other pups were affected (albeit weakly) by context (Table  1) ; this was reflected in the test of mother strategy by search context (G 2 ϭ 50.69, d.f. ϭ 35, P ϭ 0.05). For example, mothers were more likely to move around the colony when they had arrived from sea and were most likely to investigate other pups after leaving a tidepool (Table 1) .
Pups did not respond differentially according to search context (G 2 ϭ 13.34, d.f. ϭ 15, P ϭ 0.72), although they were slightly more likely to respond as the mother was returning from sea or leaving a tidepool (Table 1) . However, nonfilial pups did not respond to females leaving a tidepool (Table 1).
When mothers arrived from sea, searches tended to be briefer, with fewer calls, and mothers were more likely to move about the colony, but not significantly so. However, females returning from sea called at a significantly higher rate than did mothers attempting to reunite after short-term separation (Table 1) . Also, 12 of 13 (92%) searches from sea resulted in suckling within the first 5 min after reunion, compared with 31 of 62 (50%) on-beach searches.
Effect of pup age on search behavior.-Pup age ranged from 5 to 35 days (median ϭ 15). Strategies used by searching mothers were independent of pup age (G 2 ϭ 6.21, d.f. ϭ 7, P ϭ 0.51). There were significant differences among pup responses according to mean age (G 2 ϭ 8.57, d.f. ϭ 3, P ϭ 0.04), but variation was large. For example, pups that only moved tended to be younger (5-15 days), and pups that only called tended to be older (13-24 days), but pups of all ages gave both responses (Fig. 2) . Search duration was linearly dependent on pup age (F ϭ 8.79; d.f. ϭ 1, 108; P ϭ 0.004) because mothers with younger pups had longer searches (duration ϭ 13.80 Ϫ 0.31 ϫ pup age). However, because most searches were brief, pup age did not account for much of the variation in search duration (r 2 ϭ 0.08). Factors contributing to the success of a search.-Pup response was necessary for reunion to be achieved. In most searches, pups called and approached their mothers, which led to reunion 95% of the time (100% for 7 mother-pup pairs; range, 50-100%; Fig. 3a) . In contrast, reunion was achieved in only 2 of 23 (9%) searches in which pups made no response. Both these searches occurred during on-beach calling, after the mothers awoke to find themselves separated from their pups; in both cases, the mothers went to the home spot to find their pups and did not sniff nonfilial pups during the search.
The logistic regression model that best predicted search success included these variables: pups respond by calling only, pups respond by moving only, and mother's call rate (Table 2 ; Fig. 4 ). In this model, when pups do not respond, mothers must call at a higher rate to achieve reunion. Converse- ly, when pups both call and approach the searching mother, the probability that they will reunite becomes virtually independent of mother's call rate (Fig. 4) . Thus, the rate at which mothers call appears to be important only when pups fail to respond to their searching efforts.
Other behaviors exhibited by mothers (visiting home spot, moving about colony, sniffing other pups) were also unimportant in discriminating between successful and unsuccessful searches (Table 2 ; Fig. 3b ), as was the mother's identity and whether or not she was returning from a foraging trip (Table 2) . Mothers returning from sea had an insignificantly higher success rate (77%) than in other contexts (Table 1) . Finally, pup age was not a significant factor in search success, even though success was dependent on pup response (Table 2) .
DISCUSSION
South American fur seal pups play an active and important role in reunions with their mothers, both after long-term absences when mothers forage at sea and after shortterm separation events on the breeding beach. Mothers used varied behavior while searching for pups, and reunion success was determined primarily by responses of pups. My findings are among the 1st quantitative descriptions of reunion behavior for Arctocephalus fur seals (see also Dobson and Jouventin 2003) . Similar patterns occur in California sea lions (Zalophus californianus-Gisiner and Schusterman 1991) and northern fur seals (Callorhinus ursinusInsley 2001) .
Mutual mother-pup recognition by vocal cues has been confirmed in 4 species of otariids: subantarctic fur seals (A. tropicalis- Charrier et al. 2001 Charrier et al. , 2002b Roux and Jouventin 1987) , Galapagos fur seals (A. galapagoensis -Trillmich 1981) , northern fur seals (Insley 2000 (Insley , 2001 , and California sea lions (Trillmich 1981) , and the potential for mutual recognition in South American fur seals is implicated by the presence of vocal individuality of mother and pup calls (Phillips and Stirling 2001) . In this study, pup responsiveness to maternal calls suggests vocal discrimination, even among the youngest pups. Pups approached or vocally responded to their calling mothers in 77% of searches, whereas nonfilial pups made such responses in only 18% of searches. Similarly, nonfilial California sea lion pups approached calling females on 9% of reunion attempts (Gisiner and Schusterman 1991) . In playback experiments, subantarctic and Galapagos fur seal pups vocalized or approached in response to their mothers' calls in 70-100% of trials but responded less frequently when calls of other females were presented (17-60% of trials- Roux and Jouventin 1987; Trillmich 1981) . Northern fur seal pups called in response to vocalizations of strange females in 45% of playback tests (Insley 2001) . Such variability among species in discrimination of maternal calls by pups is likely related to the risk of injury associated with approaching unrelated females (Insley 2001) . When the probability of injury is high compared with the potential benefit of stealing milk, pups should be more discriminating in their response to calling females (Insley 2001; Lunn 1992; Roux 1986 ). South American fur seal females frequently attack approaching nonfilial pups, so in this species, selection should favor pups that make few recognition errors (Harcourt 1991a (Harcourt , 1992 Trillmich 1981) .
In addition to providing information about individuality, vocalizations also facilitate reunion between mothers and pups. High rates of calling by mothers and vocal responses by pups were important for reunions (Fig. 4) . Thus, vocalizations likely act as priming and localizing cues (Insley et al., in press) .
Anecdotal evidence in this study confirms that visual cues appear to play a minor role in the reunion process (Peterson and Bartholomew 1967) . Many mothers returned from sea at night (58% of 66 returns of tagged females noted in November and December 1995-Majluf 1987) and successfully found their pups in the dark. However, the distinctive posture and facial expression of searching females is an important cue for orienting pups to searching females (Stirling 1971) . In addition, the dark, shiny coat of wet females may act as a primer for pups; in this study, pups called more to females emerging from tidepools or the sea than to dry females (Table 1) . Geographic and spatial cues are probably useful for generalized orientation of pups to mothers in high-density breeding colonies (Peterson and Bartholomew 1967) . Visiting their home spot was a more common strategy for searching mothers than simply moving about the colony. Small-scale site fidelity or the repeatable preference of FIG. 4 .-Probability of success of searches by mother South American fur seals as a function of mother's call rate and pup's response, based on logistic regression. The 4 combinations of pup response are plotted using the equation P ϭ e (3.284xϩ2.181yϩ0.420zϪ3.882) /1 ϩ e (3.284xϩ2.181yϩ0.420zϪ3.882) , where x represents whether the pup called (0 or 1), y represents whether the pup moved (0 or 1), and z is the mother's rate of calling (calls/min). Coefficients are from Table 2. mothers for a particular location within a breeding colony is widespread in pinnipeds; other studies have also noted that mothers return to where they last suckled or consistently return to a particular feature, such as a boulder, tidepool, or mound of tussock grass, to find their pups (Bartholomew 1959; Dobson and Jouventin 2003; Fogden 1971; Lunn and Boyd 1991; McNab and Crawley 1975; Trillmich 1981) .
In this study, mothers that returned to their home spot were no more successful than those that did not (Fig. 3b) . The colony at Beach N4 was relatively small (approximately 35 by 15 m) and otariid pups can hear high-pitched calls from at least 100 m (Renouf 1991) , so pups could likely detect and orient to their mother's calls from any point within the colony. The use of home spots and other geographic cues would be more adaptive on larger breeding beaches, in which pups' ability to localize pup attraction calls would likely be compromised by background noise from conspecific animals (Bartholomew 1959) .
Mothers returning from foraging trips at sea called at significantly higher rates and reunited with their pups more quickly and more often than mothers searching after onbeach separations. Also, pups responded more often to mothers arriving from sea. These findings suggest that hunger may motivate pups to respond strongly to mothers returning from sea, whereas maintaining proximity to mothers may be of lower priority to satiated pups (Arnold and Trillmich 1985; Insley 2001; Trillmich 1990) .
Pups clearly play a critical role in the reunion process because pup response was the best predictor of search success: pups that responded almost always reunited with their mothers, and passive pups were usually not reunited. Gisiner and Schusterman (1991) reported that California sea lion pups up to 2 weeks of age further directed reunion behavior by initiating searches 4.5% of the time and that this increased to over 10% of the time for 4-to 6-week-old pups. Similarly, Harcourt (1990) demonstrated that during the first 25 days, South American fur seal pups became increasingly more responsible for maintaining proximity within the female-pup pair. Although my study included pups of approximately the same age range, I detected only weak effects of pup age on pup behavior and success rate (for searches initiated by mothers). The most plausible explanation for the difference between the studies is that even though the ability of pups to recognize and respond to their mothers likely improves with age, pups also become more mobile, spend more time engaged in play behavior and swimming in tidepools, and become less dependent on their mothers for protection. Thus, older pups may be less motivated to facilitate reunion unless they are hungry (Arnold and Trillmich 1985; Gisiner and Schusterman 1991; Harcourt 1990 Harcourt , 1991b .
A pup's level of hunger might be the most important determinant of search success. Tropical fur seals must contend with both seasonal and local fluctuations in food availability, and components of maternal effort, such as foraging trip duration, rate of mass transfer, and weaning success, are correlated with environmental variability in many species (Georges and Guinet 2000; Lunn et al. 1994 ). When food is limited, pups should respond more strongly to searching females and initiate more reunions (Insley 2001; Insley et al., in press ). Subantarctic fur seal pups were found to lower their recognition criteria (e.g., respond more to strange females) as duration of their fast increased during their mothers' absence (Charrier et al. 2002a ). However, it was not possible to appraise the effects of food availability and satiety level on reunion behavior in this study because environmental conditions were favorable during both breeding seasons.
Pup mortality at Punta San Juan is higher than at most fur seal colonies, resulting from direct effects such as injury from aggressive females and predation by South American sea lions plus indirect factors such as mother-pup separations that occur during thermoregulatory movements and disturbances among females (Harcourt 1992; Majluf 1992) . To reduce risks to their pups from these causes, mothers should minimize the amount of time that pups are unattended. At Punta San Juan, mother fur seals exhibited a variety of relatively inexpensive and low-risk behaviors (returning to a home spot, moving about the colony, and sniffing approaching pups) to increase the chance of encountering their pups. Thus, although pup response was an essential factor in successful reunions, mothers are ultimately responsible for directing reunion behavior (Trillmich 1990) .
In summary, both mother and pup South American fur seals use a variety of behavioral cues to increase the chances of finding one another in dense breeding colonies. However, each appears to be acting under different selective pressures (Insley 2001) . There is strong selection on the pup to be able to recognize its mother's call from a distance to avoid being injured by unrelated females. The pup must also advertise its presence to its mother and incite her to continue calling so that it can find her quickly. For mothers, it may be advantageous to consistently return to a familiar location on the beach while calling, thus providing the pup with additional geographical and spatial memory cues. There also seems to be no disadvantage to mothers in supplementing the calling with other behaviors, such as moving about the colony or sniffing approaching pups.
RESUMEN
En Punta San Juan, Perú, las hembras del lobo fino sudamericano (Arctocephalus australis) se reproducen en colonias con alta densidad de individuos. Durante la lactancia, las hembras se separan usualmente de sus crías cuando realizan viajes de alimentación o cuando ocurren perturbaciones agresivas entre hembras en la colonia. Las crías que están solas corren el riesgo de ser lesionadas o de morir si son atacadas por hembras agresivas o lobos marinos sudamericanos. En consecuencia, la capacidad de reconocimiento mutuo y de reunión entre madres y crías es un componente esencial del éxito reproductivo. En este trabajo investigué la importancia relativa de las señales vocales, visuales, olfativas y espaciales en el proceso de reunión, y examiné como estos comportamientos se relacionaron con el contexto y el éxito de búsqueda. El comportamiento de 10 parejas hembracría marcadas fue registrado durante 118 búsquedas, 67% de las cuales resultaron en reunión. Generalmente, hembras y crías se reconocieron a la distancia mediante vocalizaciones, y las hembras investigaron nasalmente a las crías antes de aceptarlas o rechazarlas. Las hembras complementaron su comportamiento vocal con una variedad de estrategias de bajo costo tales como frecuentar una zona determinada de la colonia (76%), recorrer la colonia (49%) y investigar crías que se aproximaban (42%). Sin embargo, la variable que mejor explicó el éxito de búsqueda fue la respuesta de la cría: luego de vocalizar y moverse hacia sus madres, las parejas se reunieron en el 95% de los casos independientemente del comportamiento de las hembras. Las crías respondieron con baja frecuencia (18%) a la hembra equivocada, lo que sugiere que el criterio de aceptación de las crías es conservador cuando el riesgo de ser lesionadas por una hembra desconocida es alto.
